This study investigated whether residence in Aberdeen, North Carolina, the location of the Aberdeen pesticides dumps site (a national priority list Superfund site containing oanochlorine pesticides, volatile organic compounds, and metals), is associated with immune suppression as indicated by a higher indec of herpes zoster and recent occurrences of other common infectious diseases. Study participants included 1,642 residents, 18-64 years of age, who responded to a telephone survey concerning potential occupational and recreational exposures to pesticides and other chemicals, lifetime history of herpes zoster (shinges), and the recent occurrence of other common infectious diseases. Stratified and logistic regression anlyses were used to compare the cumulative incidence of herpes zoster among Aberdeen residents and residents of nearby communities. There was little edence ofan overall increased risk of herpes zoster among Aberdeen residents during the period 1951-1994 [relative risk (RR), 1.3; 95% confidence interval (CI) 0.8-2.1]. However, an elevated risk of herpes zoster was noted consistently among Aberdeen residents ofyounger ages as compared to residents of the. nearby communities. The RR was 2.0 (CI, 1.04.0) among those 140 year of age and was not afected by controlling for potential confounders. The RR of herpes zoster was also consistently elevated in all age groups for the period before 1985. No differences were noted between residents of Aberdeen and those of the nearby communities with respect to the recent occurrence of other common infectious diseases. These results support the plausibility of an associaition between exposure to the Aberdeen pesticides dumps site and immune suppression and the potential use of herpes zoster as a marker of immune suppression in studies of environmental chemical exposures.
btp:/Xebpnetl.niehs.nib.gov/docs/19.99/107p835-84)arndtlabsract./stml Less is known about the effects of environmental exposures on the immune system than about many other adverse outcomes such as cancer. Because the immune system is crucial for the protection of the host against infectious agents and developing neoplasms, enhancement or diminution of any essential immune function could offset the balance necessary for immunoregulation and produce a cascade of secondary effects, including compromised host resistance.
There is a growing awareness that chemicals can influence the activity of the immune system by either augmenting or suppressing its function (1) (2) (3) . Immunosuppressive effects include bone marrow suppression, suppression of lymphocyte response to mitogens and antigens along with termination of suppressed cytotoxic and regulatory T-cell activity, inhibition of stem cell proliferation, decreased natural killer cell activity, and impairment of phagocytic activity (4) . Evidence from both human and animal studies suggests that pesticides (including organochlorines, organophosphates, and carbamates) (5-7), volatile organic compounds (e.g., benzene and toluene) (8, 9) , and metals (e.g., lead, arsenic, methyl mercury) (2, (10) (11) (12) are capable ofadversely affecting the immune system. This paper describes phase 1 of a twophase cross-sectional study to determine whether residents living in Aberdeen, North Carolina, the location of a national priority list hazardous waste site (the Aberdeen pesticides dumps site) containing organochlorine pesticides, volatile organic compounds, and metals, are more likely than residents of nearby communities to develop immune suppression. In phase 1, the indicator of immune suppression is self-reported episodes of herpes zoster and recent occurrence of other common infectious diseases such as colds and flu. In phase 2, immune suppression is assessed on a subset of participants from phase 1 with a battery of laboratory measures of immune competence such as numbers and types of white blood cells as well as frequency of lymphocyte micronuclei, an indicator of chromosome damage. A previous small study of 41 pet dogs revealed lower CD4/CD8 ratios and higher frequencies of micronudei among the dogs living in Aberdeen as compared to dogs living in the neighboring towns of Pinehurst and Southern Pines (13) .
The Aberdeen pesticides dumps site is composed of five sites located in and around the town of Aberdeen in southern Moore County. The five sites include the farm chemicals site (an abandoned pesticide manufacturing/formulating facility where millions of pounds of pesticides were blended or formulated from the mid-1930s to 1987, the most contaminated site); the twin site (a pesticide disposal site located across the street from the farm chemicals site); the fairway six site (a pesticide disposal area); the Mclver site (a local landfill into which pesticides and drums were dumped); and the Route (17) , there is the potential for human exposure through inhalation, dermal contact, and ingestion of contaminated soils, fish, and groundwater. Public health concerns also arise from the long half-life of some of the contaminants, particularly the organochlorines (18) .
Herpes zoster (shingles), which is caused by the virus that causes chickenpox, was selected as our primary marker of immune suppression because it has several unique dinical features: a) nearly 100% of the U.S. population is infected with chickenpox by the third decade of life (the median age for infection is 5 years) (19, 20) ; b) the symptoms (itchy water blisters on the skin that crust over and are often painful) are sufficiently severe that they would be remembered; and c) studies of persons with known immune suppression, such as human immunodeficiency virus (HIV)-infected individuals, people with cancer, and those who have undergone organ transplants, are known to be at increased risk of herpes zoster (21, 22) . In unexposed populations, the incidence of herpes zoster is relatively constant (21) (22) (23) (24) (25) The final list of potentially eligible households was sorted by street, and streets were identified on local maps. Households were excluded if they were clearly not in one of the study areas or if no phone number was available (< 6%). The majority of households were excluded because they were located in census block groups in Pinehurst with mean income > $40,000.
A total of 3,797 potentially eligible households (1, 717 (27) . Likelihood ratio tests were performed to test for twofactor interaction between living in the exposed area and each of the covariates (a = 0.05). Stratified and logistic regression analyses were also performed to determine whether town of residence was associated with the prevalence and number of episodes of other common infectious diseases controlling for potential confounders.
Results
Descriptive characteristics of the population.
On average, participants in Aberdeen were 41.9 years old and had lived there for 16.6 years (Table 2) . They were predominantly white and the majority had > 12 years of education. Also, a majority had a positive lifetime history of smoking and approximately 25% ever used steroids.
Residents from the comparison areas tended to be older ( manufacturing facilities in Aberdeen were still in operation and before any remediation efforts took place) were 2-3 times more likely to have reported episodes of herpes zoster among all age groups than those living in nearby communities. There was no evidence of a difference in the occurrence of other recent infectious diseases among exposed and nonexposed communities.
A plausible explanation for the age effect might be that age itself is such a strong risk factor for herpes zoster that the additional effect of the given exposure is too small to result in any detectable difference among older adults when unexposed and exposed participants are compared. Another explanation for the stronger effect among younger residents might be that younger people may have been more exposed to environmental sources of pesticides because of increased recreational outdoor activity. It is also possible that many older retirees in Pinehurst have less contact with their extended families; therefore, they are less exposed to children with chickenpox than older persons in Aberdeen. Because contact with infectious carriers of the chickenpox virus boosts zoster-specific immunity among immunocompetent persons (28) Although the small sample size limited both the range of outcomes and the size of effects that could be studied, statistically significant associations between herpes zoster and age and steroid use provide some assurance that this study has the power to detect associations found in other studies. With 900 exposed and 742 unexposed participants and 4.5% of cases among the unexposed, the study had an 80% power to detect an overall RR of 1.8 (o = 0.05). One thousand study participants per age/period group would have been needed to detect a RR of 2.0 in subgroup analyses.
Exposure to radiation and, to some extent, exposure to other immunotoxicants were also strongly associated with herpes zoster. However, because respondents were surveyed at one point in time, it is not clear whether these exposures preceded or followed herpes zoster episodes. Although the incidence of zoster is most notably increased in severe immunodeficiencies such as HIV infection and immunosuppressive therapy (21, 22) , less marked immune suppression, such as that which occurs in older populations, is also manifest by an increased risk of herpes zoster.
Racial differences in the occurrence of herpes zoster have been described recently (30) , indicating a higher risk of zoster among whites than among African Americans, which is in agreement with our findings. As with the current study, no significant differences with respect to sex or education have been reported in most studies.
The normal immune response in humans is heterogeneous, making it difficult to discern a subtle adverse effect without a large experimental cohort. Similarly, adverse health effects that only result in subclinical immune dysfunction in humans are difficult to assess. Persons living in any given area are usually heterogeneous, either with respect to characteristics that can influence many health outcomes independently of exposure (age, race, socioeconomic status, occupation, smoking, alcohol consumption, etc.) or with respect to the type, level, duration, or timing of exposure. Exposure in this study was considered years of residence in Aberdeen, whereas only a subset of residents may have actually been exposed to the contents of the dump sites depending on where in Aberdeen they lived, potentially leading to an underestimate of the effect of exposure on risk of herpes zoster. Moreover, there is migration and geographic mobility within the areas. We tried to address these concerns by multivariate analyses, controlling for calendartime and determination of individual time at risk. Uncertainty of the temporal sequence of exposure and disease is a concern when data arise from a cross-sectional survey. In this study, however, at least 1 year of exposure preceded each herpes zoster episode among Aberdeen participants. We also considered major potential confounders such as demographic characteristics, smoking, medications (such as steroid use), illnesses, and occupational and recreational sources of pesticide exposure. However, because it was a cross-sectional study, it is not clear whether some potential confounding exposures preceded episodes of herpes zoster. Other potential risk factors for herpes zoster for which there is only limited evidence, such as recent stress, poor diet, and lack of sleep, were not assessed.
Conclusion
Although the association between exposure to the Aberdeen pesticides dumps site and immune suppression was not assessed directly, data from this study support the plausibility of such an association, especially among younger residents and during the period before 1985. Results also suggest that herpes zoster has the potential to serve as a marker for immune suppression in future studies of environmental chemical exposures and effects on the immune system despite small sample sizes and self-reported herpes zoster episodes.
Although evidence for pesticide-induced immune suppression exists from experimental animal studies (6) , only limited examples of pesticides that cause clinical adverse health effects of immune suppression in humans have been found (31) . This may be due in part to the lack of sensitivity of routinely used measurements of immune function and to the diversity of responses observed in those tests among exposed individuals. It is also possible that the normal exposure levels are too low to result in any detectable effect. Furthermore, the immune system contains redundancies and backups so that any given abnormality may be compensated for by other functional pathways (32). Biologically relevant effects may occur only after the functional reserve capacity has been exceeded (33) . Clearly, more research in the area of chemical-induced immune suppression is warranted.
